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(54) Gas sensor 

(57) A gas sensor measuring a given component 
content in a gas is provided which has an outer and an 
inner metallic cover, a sensing unit, and an insulator. 
The sensing unit consists of a measuring electrode to 
be exposed to the gas to be measured and a reference 
electrode to be exposed to a reference gas In a refer- 
ence gas chamber. The measuring electrode and the 
reference electrode are disposed adjacent each other 
through a solid electrolyte body. The inner metallic 
cover is installed on an end of a sensor housing. The 
outer metallic cover is installed on the periphery of the 
inner metallic cover. The insulator is niounted within the 
inner metallic cover and has formed therein holes 
through which sensor signal pickup leads pass. The 
insulator has an outer wall different in geometry from an 
inner wall of the inner metallic cover to define a portion 
of a reference gas passage therek}etween which leads 
to the reference gas chamber. 
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Description 

BACKGROUND OF THE INVENTION 

1 Technical Rek) of the Invention 

[0001 ] The present invention relates generally to an 
improvement on a gas sensor which may be employed 
in an oxygen measuring device of an air-fuel ratio con- 
trol system measuring an oxygen content in exhaust 
gasses of an internal combustion engine of automotive 
vehicles. 

2 Background of Related Art 

[0002] For buming control of fuel in internal combus- 
tion engines of automotive vehicles, an air-fuel ratio 
sensor is installed in an exhaust system to measure an 
air-fuel ratio. Such an air-fuel ratio sensor is usually 
implemented with an oxygen sensor which has a pair of 
lectrodes one of which is exposed to a gas to be meas- 
ured and the other is exposed to a reference gas intro- 
duced Into a reference gas chamber from the outside of 
the oxygen sensor. 

[0003] In recent years, in order to improve installation 
of tiie oxygen sensor in the vehicle and decrease man- 
ufacturing costs thereof, the size of tiie ox^en sensor is 
required to be decreased. To tiiis end. tiiere has been 
proposed an improved structure in which the length of 
the oxygen sensor is shortened, and an outer cover or 
other parts are Joined by crimping. The crimping, how- 
ever, leads to a problem of reducing an area of a gas 
passage introducing the reference gas into the refer- 
ence gas chamber, which will cause the flow of the ref- 
rence gas to be lowered, resulting in a decrease in 
measuring accuracy. 

SUMMARY OF THE INVENTION 

[0004] It Is therefore a principal object of the present 
invention to avokJ the disadvantages of the prior art 
[0005] It is another object of the present invention to 
prcvkie a compact structure of a gas sensor capable of 
measuring a given component content in gasses with 
desired accuracy. 

[0006] According to one aspect of the present inven- 
tion, there is provkied a gas sensor measuring a given 
component content in a gas which conprises: (a) a 
housing; (b) a sensing unit having a given length, dis- 
posed in the housing, the sensing unit having defined in 
one end portion thereof a reference gas chamber to be 
filled with a reference gas and also having installed in 
the one end portion a measuring electrode to be 
exposed to the gas to be measured and a reference 
electrode to be exposed to the reference gas in the ref- 
rence gas chamber, the measuring lectrode and the 
reference electrode being disposed adjacent each other 
through a solkt electrolyte body and providing through 



signal pickup leads sensor signals which are used in 
determining the given component content In the gas; (c) 
a first metallic cover installed on the housing to cover 
the other erxJ portion of the sensing unit; (d) a second 

5 metallic cover installed on a periphery of tiie first nDetal- 
Ik; cover through a water-repellent filter, the second 
nr>etallic cover being aimped to be joined to the first 
metallic cover tiirough the water-repellent filter; (e) a 
first vent fornr^ in the first metallic cover; (f) a second 

70 vent formed in tiie second metallic cover which commu- 
nicates witti the first vent through tiie water-repellent fil- 
ter to inti-oduce the reference gas into the refererx^e gas 
chamber through a reference gas passage extending 
from the second vent to the reference gas chamber; and 

15 (g) an insulator mounted within tiie first metallic cover, 
having formed ttierein holes through v^k;h the signal 
prckip leads pass, the insulator having an outer wall dif- 
ferent in geometry from an inner wall of the f irst metallic 
cover to define a portion of the reference gas passage 

20 between the outer wall of the insulator arxi the inner wall 
of the first metallic cover. 

[0007] In the preferred nrKxIe of the invention, the por- 
tion of the reference gas passage faces the first vent of 
the first metallic cover. 

25 [P0d8] The insulator is made of a cylindrrcal member. 
The portion of tiie reference gas passage defined 
between the outer wall of the insulator and the inner wall 
of tiie first metallic cover is determined in sectional area 
as a function of a maximum and minimum diameter of 

30 tiie insulator. A ratk> of the minimum diameter to the 
nrmimum diameter is within a range of 0.8 to 0.95. 
[0009] The outer wall of the insulator is of a polygonal 
shape which has either of flat surfaces and recessed 
surfaces each lying between adjacent two of vertexes 

35 so that the portion of ttie reference gas passage may 
include clearances between eitiier of the flat surfaces 
and the recessed surfaces and the inner wall of the first 
metallic cover. 

[0010] The outer wall of the insulator hokler is of an 

40 octagonal shape. 

[001 1 ] The outer wall of the insulator has curved sur- 
faces and either of flat surfaces and recessed surfaces 
each lying between adjacent two of the cun^ed surfaces. 
The curved surfaces are opposed to each other so that 

45 the portion of the reference gas passages may include 
clearances between eitiier of the flat surteces and tiie 
recessed surfaces and the inner wall of the first metallic 
cover. 

[0012] The outer wall of the insulator may be oval. 

50 [0013] The second metallic cover has an opening 
through which the signal pickup leads exterxJ to the out- 
side of the second metallic cover. A sealing member is 
disposed in the second metallic cover to seal the open- 
ing and lies atxyve the insulator wrtti a clearance there- 

55 between communicating witii the portbn of the 
reference gas passage between the out r wall of tiie 
insulator and tiie inner wall of the first metallic cover. 
[0014] A spacer m mber may be disposed between 
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the sealing member and the insulator to define the 
clearance communicating with the portion of the refer- 
ence gas passage. 

[001 SI The sealing member may have a flange which 
is supported by ends of the first and second metallic s 
covers. 

[001 6] The insulator may have a vent which defines a 
secorxJ portion of the reference gas passage. 
[001 7] The first metallic cover includes an outer cover 
merTtt)er and an inner cover mennber. The outer cover io 
member is so crimped to be joined to the inner cover 
member. The inner cover member has an end cauiked 
to the housing. 

[0018] According to the second aspect of the inven- 
tion, there is provided a gas sensor measuring a given is 
component content in a gas which conprises: (a) a 
housing; (b) a sensing unit having a given length, dis- 
posed in the housing, the sensing unit having defined in 
one end portion thereof a refererKe gas chamber to be 
filled with a reference gas and also having installed in 20 
the one end portion a measuring electrode to be 
exposed to the gas to be measured and a reference 
electrode to be exposed to the reference gas in the ref- 
erence gas chamt>er, tiie measuring electrode and the 
reference electrode being disposed adjacent each other 25 
through a solid electrolyte body and providing through 
signal pickup leads sensor signals whk:h are used in 
determining the given corrponent content in the gas; (c) 
a first metallic cover having first and second ends, the 
first metallic cover t>eing installed at the first end on the 30 
housing to cover the other end portion of the sensing 
unit and defining an opening in the second end; (d) a 
second metallic cover installed on a peripheral portion 
of the first metallic cover through a water-repellent filter, 
the secorxi metallic cover being crimped to be joined to 35 
the first metallic cover through the water-repellent filter; 
(e) a first vent formed in the first metallic cover; (f) a sec- 
ond vent formed in the second metallic cover which 
communicates with the first vent through the water- 
repellent f flter to introduce the reference gas into the ref- 40 
erence gas charTt>er through a reference gas passage 
extending from the second vent to the r^erence gas 
chamber; (g) an insulator nxHjnted within the first m^l- 
lic cover, having formed therein holes through which the 
signal pickup leads pass; arxi (h) a sealing memt)er 4s 
sealing the opening defined in the second end of the 
first metallic cover, the sealing member having formed 
thereon a protrusion in contact with the insulator to 
define a gap between the sealing member and the insu- 
lator which occupies a portion of the reference gas pas- so 
sage. 

[001 9] In the preferred mode of the invention, the seal- 
ing memt>er is deposed within the second end of the 
first metallic cover. 

[0020] According to the third aspect of the invention, 55 
there is provided a gas sensor measuring a given com- 
pon nt content in a gas wNch comprises: (a) a housing; 
(b) a sensing unit having a given I ngth, disposed in the 



hiousing. the sensing unit having defined in one end por- 
tion thereof a reference gas chamber to be filled with a 
reference gas and also having installed in the one end 
portion a measuring electrod to be exposed to the gas 
to be measured arxi a reference electrode to be 
exposed to the reference gas in the reference gas 
chamber, the measuring electrode and the reference 
electrode being disposed adjacent each other through a 
solid electrolyte body and providing through signal 
pickup leads sensor signals which are used in determin- 
ing the given component content in the gas; (c) a first 
metallic cover having first arxJ second ends, the first 
metallic cover being installed at the first end on the 
housing to cover the other end portion of the sensing 
unit; (d) a second metallic cover installed on a periphery 
of the first metallic cover through a water-repellent filter, 
the second metallic cover being crirrped to be joined to 
the first metallic cover through the water-repellent filter; 
(e) a first vent fomned in the first metallic cover; (f) a sec- 
ond vent formed in the second metallic cover which 
communicates with the first vent through thte water- 
repellent filter to introduce the reference gas into the ref- 
erence gas chamber through a reference gas passage 
extending from the second vent to the reference gas 
chamber; (g) an insulator mounted within the first metal- 
lic cover, having formed therein holes through which the 
signal pickup leads pass; arxJ (h) a sealing member 
having a flange which is supported by at least one of the 
first metallic cover and the second metallic cover to 
ddine a gap t>etween the sealing member and the insu- 
lator which occupies a portion of the refererK^e gas pas- 
sage. 

[0021 ] In the preferred mode of the invention, the seal- 
ing memk)er has a first end and a secorxJ end opposite 
the first end. The flange is provided on the first end of 
the sealing member. The gap is defined k>etween the 
secorxj end of the sealing member and the insulator. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0022] The present invention will be understood more 
fully from the detailed description given hereinbelow 
and from the accompanying drawings of the preferred 
embodiment of the invention, which, however, should 
not be taken to limit the invention to the specific embod- 
iment but are for explanation and understanding only. 
[0023] In the drawings: 

Rg. 1 ^ a k)ngitudinal sectional view which shows 
an oxygen sensor according to the first embodi- 
ment of the invention; 

Rg. 2 is a partially exploded view which shows tiie 
oxygen sensor in Rg. 1 ; 

Rg. 3 is a traverse sectional view taken along the 
line Ill-Ill in Rg.1; 

Rg. 4 is a perspective view which sows a sealing 
member disposed within the oxygen sensor in Rg. 
1; 
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Rg. 5 is a partially sectional view which shows an 
arrangement of electrodes of the oxygen sensor in 
Rg.l: 

Rgs. 6(a), 6(b). and 6(c) shows a sequence of 
assemt)ling processes of the oxygen sensor in Rg. s 
1; 

Rg. 7 ^ a plan view which shows the first mocfif ica- 
tion of an insulating holder disposed within an oxy- 
gen sensor; 

Rg. 8 is a plan view which shows the second mod- io 
ification of an insulating holder disposed within an 
oxygen sensor; 

Rg. 9 is a plan view which shows the third mocfif ica- 
tion of an insulating holder disposed within an oxy- 
gen sensor; is 
Rg. 1 0 is a plan view which shows the fourth modi- 
fication of an insulating holder disposed within an 
oxygen sensor; 

Rg. 11 is a partially sectional view which shows the 

second embodiment of an oxygen sensor accord- 20 

ing to the present invention; 

Rg. 12 is a perspective view which shows a sealing 

member of the oxygen sensor in Rg. 1 1 ; 

Rg. 1 3 is a partially sectional view which shows the 

sealing member in Rg. 12 retained on an end of a 2s 

first metallic cover; 

Rg. 14 is a partially sectional view which shows a 
modification of the second embodimerrt in Rg. 1 1 ; 
Rg. 15 is a longitudinal sectional view which shows 
an oxygen sensor according to the third embodi- 30 
ment of the invention; and 
Rg. 16 is a longitudinal sectional view which shows 
an oxygen sensor according to the fourth embodi- 
ment of the invention. 

35 

DESCRIPTION OF THE PREFERRED EMBODIMENT 

[0Q24] Referring now to the drawings, particulariy to 
Rg. 1. there is shown an oxygen sensor 1 according to 
the first embodiment of the invention which may be 40 
employed in an air-fuel ratio corrtrd system for autonfK>- 
tive vehicles. Note that the present invention is not linv 
ited to an oxygen sensor and may altematively be used 
with a variety of gas sensors such as HC. CO. and NOx 
sensors. 45 
[0025] The oxygen sensor 1 generally includes a 
housing 10. a sensing unit 2. and signal pickip leads 
291 and 292. The sensing unit 2 is disposed hermeti- 
cally within the housing 10 and includes, as shown in 
Rg. 5, a sensing section 28 and a reference gas chanv so 
ber 200. The sensing section 28 consists of a measur- 
ing electrode 21 . a reference electrode 22. and a solid 
electrolyte body 20 interposed between the electrodes 
21 and 22. The reference gas chamber 200 is filled with 
a reference gas to which the reference electrode 22 is ss 
exposed. The signal pickup leads 291 and 292 are elec- 
trically connected to the measuring electrode 21 and 
the reference electrode 292. 
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[0026] The oxygen sensa 1 also includes a first 
metallic cover 11 and a second metallic cover 12. The 
first metallic cover 1 1 covers a portion of the sensing 
unit 2 far from the sensing section 28 and is joined to the 
housing 10. The second metallic cover 12 is installed on 
the periphery of an upper portion of the first metallic 
cover 1 1 and is crimped to form two annular joints 161 
and 162 to the first metallic cover 11 for retaining a 
water-repellent fitter 13 between the first and second 
metallic covers 1 1 and 12. 

[0027] Rrst and second air vents 110 and 120 are 
formed in alignment in the first metallic cover 1 1 and the 
second metallic cover 12. respectively, which communi- 
cate with each other through the water-repellent filter 1 3 
for introducing the reference gas into the reference gas 
chamber 200 through an upper end. as viewed in Fig. 1 . 
of the sensing unit 2. 

[0028] An insulating holder 3 is disposed inside the^ 
first metallic cover 1 1 through which the signal pickup 
leads 291 and 291 are inserted. The insulating hokJer 3 
faces the first air vent 110 and is. as will be discussed 
later in detail, not contoured to an inner wall of the first 
metallic cover 1 1 to define a reference gas passage 115 
therebetween. 

[0029] The sensing unit 2 is retained within the hous- 
ing 10. The sensing unit 2 and the housing 10 are her- 
nr^cally sealed. 

[0030] The housing 10 has disposed on the head 
thereof cap-shaped inner and outer covers 1 51 and 1 53 
which cover the sensing section 28. The inner cover 1 51 
defines therein a gas-measuring chamber 150. Gas 
inlets 152 and 154 are formed in ttie inner and outer 
covers 151 and 153. respectively. 
[0031 ] The first metallic cover 1 1 consists of two cover 
members: outer arxl inner cover members 111 and 112. 
The inner cover member 1 12 is joined at an end to an 
upper end of the housing 10 tiirough a caulking ring 
1 19. The outer cover member 111 is joined to an upper 
portion of the inner cover menft>er 1 12 by crimping. The 
inner cover menri>er 112 has an upper end 117 which 
cramps a lower flange of the insulating holder 3 
t>etween itself and a shoulder 118 of the outer cover 
member 1 1 1 to retain the insulating holder 3 within the 
outer cover member 1 1 1 . A sealing member 14 ^ fitted 
in an tpper end of the inner cover nnember 1 12 in con- 
tact with the upper end of the insulating holder 3. The 
leads 191 . 192. and 251 pass through the sealing mem- 
ber 14. 

[0032] The insulating holder 3 has formed therein four 
tiirough holes 30 through which the signal pickup leads 
291 arxi 292. a pair of leads 259 connected to a heater 
25. as will be descrOsed later in detail, the leads 191 and 
192. and a pair of leads 251 pass. The leads 291. 292. 
and 259 are connected to the leads 191 . 192, and 251 
within the through holes 30, respectively. 
[0033] The insulating hokier 3 is, as deariy shown in 
Rg. 3, of sut)stantially an octagor^l configuration. Spe- 
cifically, the insulating hokier 3 has rounded r curved 
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surfaces 31 at corners thereof. Each of the through 
holes 30 is located close to one of the curved surfaces 
31 . The insulating holder 3 has flat passage surfaces 32 
each defined between adjacent two of the curved sur- 
faces 31 to form a major portion of the reference gas 5 
passage 115. 

[0034] tf the distance between opposed two of the 
curved surfaces 31 of the Insulating holder 3 (i.e., a 
maximum length) \s defined as a, and the distance 
between opposed two of the flat passage surfaces 32 
(i.e., a minimum length) is defined as b. it Is ^ivisable 
that a ratio of b to a (I.e., b/a) be greater than or equal to 
0.8 and smaller than or equal to 0.95 (0.8 ^ b/a ^ 0.95). 
When the ratio of b to a is smaller than 0.8. it will 
become difficult to ensure a desired diameter of the four 
through holes 30. Altematively, when the ratio of b to a 
is greater than 0.95, the clearance between the insulat- 
ing holder 3 and the first metallic cover 1 1 becomes too 
small to ensure a sufficient flow of the reference gas. 
[0035] The sealing member 1 4 is, as clearly shown in 
Fig. 4. cylindrical and has formed on an end surface 410 
facing the Insulating holder 3 a plurality (four In this 
errtxxJiment) of protrusions 41 which contact with the 
up)per surface of the Insulating holder 3, as can be seen 
In Rg. 1 , to keep a gap therebetween through which the 
reference gas is allowed to flow. The sealing member 1 4 
also has formed therein four through holes 40 each of 
which lies between adjacent two of the protrusions 41 
and through which the leads 191 , 192, and 252 pass. 
[0036] The second metallic cover 12 is crirrped to 
form the annular joints 161 and 162 so that it is attached 
tottieoutercover member 111 of the first metallic cover 
through the water-repellent filter 13. 
[0037] The sensing unit 2. as shown in Fig. 5, consists 
of the hollow cylindrical solid electrolyte body 20 with a 
bottom, the measuring electrode 21 exposed to tiie gas 
chamber 150 through a protective layer 23, and the ref- 
erence electrode 22 exposed to the reference gas 
chamber 200. Within the reference gas chamber 200, 
the bar-shaped heater 25 is disposed which heats the 
measuring electrode 21 and the refererx;e electrode 22 
up to a temperature at which ttie oxygen concentration 
Is allowed to be measured conrectty. 
[0038] The measuring electrode 21 arxi the referenc^ 
electrode 22 exterxi to an uppar portion, as viewed in 
Rg. 1 , of the sensing unit 2 and connect with the signal 
pickup leads 291 and 292. The heater 25 has cfisposed 
therein a heating resistor connected to the leads 259. 
[0039] In assembly of the oxygen sensor 1 , the sens- 
ing unit 2, as shown in Fig. 6(a). to which the signal 
pickup leads 291 and 292 is connected is first inserted 
Into the housing 10 hermetically The Inner and outer 
covers 151 and 153 are installed on the tower end of the 
housing 10. The inner cover merTt>er 112 of the first 
metallic cover 1 1 Is staked so that It is joined to the 
upper end of the housing 10. This completes a tower 
portion of the oxygen sensor i . 
[0040] The leads 191, 192, and 251 are, as shown in 



Rg. 6(a), Inserted into the insulating holder 3. The outer 
cover member 111 of the first nwtallic cover 11 is 
installed on the periphery of the Insulating hoMer 3. To 
the leads 251 , the leads 259 of the heater 25 are con- 
nected through connectors 195. The second metallic 
cover 12 with the water-repellent filter 13 Is arranged 
atx)ve the outer cover member 111. 
[0041 ] Next, the connectors 1 95 are, as shown in Rg. 
6(b), joined to the signal pickup leads 291 and 292. The 
outer cover member 1 1 1 is put on the Inner cover mem- 
ber 112 and then crirrped to be joined thereto to com- 
plete the first metallic cover 1 1 . 
[0042] The second metallic cover 1 2 is put on the first 
metallto cover 1 1 and crimped to form the annular joints 
161 and 162. This corrplete the oxygen sensor 1, as 
shown in Rg. 6(c). 

[0043] In operation, air 8. as shown in Rg. 2, is first 
introduced from the second air vent 120 to the first air 
vent 1 10 through tiie water-repellent fitter 13 and then 
ftows through the reference gas passage 115 fbrnried 
between the periphery of the insulating holder 3 and the 
Inner wall of the first metallic cover 1 1 upward and 
reaches the ipper edge of the insulating holder 3. Next, 
the air 8 passes through the gap between the insulating 
hiolder 3 and the sealing merTt>er 14 and flows down- 
ward through clearances between the leads 191. 192, 
and 251 and the inner walls of the holes 30 formed in 
the Insulating holder 3. The air 8 emerging from the 
lower ends of the holes 30 enter the reference gas 
chamber 200 at tiie upper end of the sensing unit 2. 
[0044] The oxygen sensor 1 of this invention is 
designed to measure an oxygen content In gases using 
the oxygen concentration dependent electromotive 
force or the limiting current. Specifically, the measure- 
ment of the oxygen content using the oxygen concentra- 
tion dependent electronrvytive force is accorrplished by 
nwnitoring through the measuring electrode 21 and tiie 
reference electrode 22 the electromotive force pro- 
duced in the solid electrolyte body 20 which deperxis 
upon a difference in oxygen concentration between tiie 
air 8 (i e., a reference gas) and the gas within the gas- 
measuring chamber 150. The measurement of the oxy- 
gen content using the limiting cun^ent is accomplished 
by applying a given voltage aaoss the measuring elec- 
trode 21 and the reference electrode 22 to pick up a lim- 
iting current which deperxis upon tiie concentration of 
oxygen In the gasses. These techniques are kruTwn In 
the art, and explanation thereof In detail will be omitted 
here. 

[0045] Rg. 7 shows the first modification of the Insu- 
lating hokier 3 which has an oval shape having a major 
axis a and a minor axis b to define two major portions of 
the reference gas passage 1 15 between ttie Insulating 
holder 3 and the first metallk; cover 1 1 . The ratio of b to 
a is, like the one shown in Rg. 3, within a range from 0.8 
to 0.95. 

[0046] Rg. 8 shows th second modification of the 
Insulating holder 3 which is made of a cylindrical mem- 
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ber with two flat surfaces 32 deff ining two major portions 
of the reference gas passage 115 between the insulat- 
ing holder 3 and the first metallic cover 1 1 . The ratio of 
^ to a IS* the atxive, within a range from 0.8 to 0.95. 
[0047] Rg. 9 shows the third modrfication of the insu- 
lating holder 3 which has a cruciate shape in cross sec- 
tion defining four major portions of the reference gas 
passage 115 between L-shaped surfaces 32 and the 
outer cover member 111 of the first metallic cover 11. 
The ratio of b to a is. like the above, within a range from 
0.8 to 0.95. 

[0048] Rg. 10 shows the fourth irxxJification of the 
insulating holder 3 which has formed therein a central 
through hole 39 which direct the air 8 reaching the 
upper end of the insulating holder 3 to the upper end of 
the sensing unit 2. The insulating holder 3 is illustrated 
as having the shape similar to the one shewn in Rg. 7, 
but may have any of the shapes shown in Rgs. 3. 8. and 
9. 

[0049] Rg. 1 1 shows the second embodiment of the 
oxygen sensor 1. 

[0050] The sealing member 4, as shown in Rg. 12. 
has a flange 48 on an upper end thereof and four curved 
holes 40 through which leads 191. 192. and 252 pass. 
The curving of the holes 40 serves to hold the leads 
191. 192, and 252 in the sealing memt>er 4 f'rmly. The 
first metallic cover 1 1 has. as clearly shown in Rg. 13. 
an end portion 481 shorter than an end portion 482 of 
the second metallic cover 12 to form an annular step on 
which the flange 48 of the sealing memt)er 4 Is retained, 
ttiereby defining a constant gas between the bottom 
401 of the sealing member 4 arKi the upper surface 400 
of the insulating holder 3. 

[0051 ] The sealing member 4 may altematively have 
an additional flange 49. as shown in Rg. 14. formed on 
the upper end thereof which is retained on the end of 
the second metallic cover 12 to define the constant gap 
t)etween the t)ottom 401 of the sealing member 4 and 
the upper surface 400 of the Insulating holder 3. 
[0052] Rg. 1 5 shows the third embodiment of the oxy- 
gen sensor 1 which includes the first metallic cover 1 1 
made of a single cylindrical member. The sealing men>- 
ber 1 4 is dsposed on the insulating holder 3 with almost 
no clearances. The insulating holder 3 has an upper 
flange 200 and a hollow body whose peripheral wall Is 
similar In shape with any one of the Insulating holders 3 
in Rgs. 3. 7. 8, and 9. The upper flange 200 is sup- 
ported on an upper end of the first metallic cover 1 1 
through a rut)ber-made packing 250 
[0053] The air 8 which Is sucked from the second air 
vent 120 through the water-repellent filter 13 and the 
first vent 110 flows through the reference gas passage 
1 1 5 downward and then enters the ref^ence gas chanr>- 
ber 20 at the upper end of the sensing unit 2. 
[0054] Rg. 16 shows the fourth embodiment of the 
oxygen sensor 1 which includes a sensing unit 2 formed 
with laminations. For exampi . U.S.R No. 5,573.650. 
issued Novemt>er 12. 1996 to Fukaya et al.. teaches 



such a structure of the sensing unit 2. disclosure of 
which Is Incorporated herein by reference. 
[P055] While the present invention has been disclosed 
In terms of the preferred embodiment in order to facili- 

5 tate a better urxierstanding thereof, H should be appre- 
ciated that the invention can be entxxiied in various 
ways without departing from the principle of the inven- 
tion. Therefore, the invention should be understood to 
include all possible embodiments and modification to 

70 the shown enrixxliments which can be emtxxiied with- 
out departing from the prindple of the invention as set 
forth In the appended claims. 
[0056] A gas sensor measuring a given component 
content in a gas Is provided which has an outer and an 

15 inner metallic cover, a sensing unit and an insulator. 
The sensing unit consists of a measuring electrode to 
be exposed to the gas to be measured and a reference 
electrode to be exposed to a reference gas in a refer- 
ence gas chamk)er. The measuring electrode and the 

20 reference electrode are disposed adjacent each other 
through a solid electrolyte body. The inner metallic 
cover Is installed on an end of a sensor housing. The 
outer metallic cover is installed on the periphery of the 
Inner metallic ccver. The insulator Is mounted within the 

25 Inner m^allic ccver arid has formed therein holes 
through which sensor signal pickip leads pass. The 
insidator has an outer wall different in geometry from an 
inner wall of the inner metallic cover to define a portion 
of a reference gas passage therebetween wtiich leads 

30 to the reference gas chamber. 

Claims 

1. A gas sensor measuring a given component con- 
35 tent in a gas comprising: 

a housing; 

a sensing unit having a given length, disposed 
in said housing, said sensing unit fiaving 

40 delined in one end portion thereof a reference 

gas chamt}er to be f Sled with a reference gas 
and also having Installed in the one end portion 
a measuring electrode to be exposed to the 
gas to be measured and a reference electrode 

45 to be exposed to the reference gas in the refer- 

ence gas charTt>er. the measuring electrode 
arxl the reference electrode t>eing disposed 
adjacent each other through a solid electrolyte 
txxJy and provicfing through signal pickup leads 

50 sensor signals which are used in determining 

the given component content in the gas; 
a first n^etallic cover installed on said housing 
to cover the other end portion of said sensing 
unit; 

55 a second metallic cover installed on a periph- 

ery of said first metallic cover through a water- 
repellent filter, said second metallic cover t>eir^ 
crimped to t>e j ined to said first metallic ccver 
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through the water-repellent filter; 
a first vent formed in said first metallic cover; 
a seoorxi vent formed in said second metallic 
cover which communicates with said first vent 
through the water-repellent fitter to introduce 
the reference gas into the reference gas chanrh 
ber through a reference gas passage extending 
from said second vent to the reference gas 
chamber; and 

an insulator mounted within said forst metallic 
cover, having formed therein holes through 
which the signal pickup leads pass, said insula- 
tor having an outer wall different in geometry 
from an inner wall of said first metallic cover to 
define a portion of the reference gas passage 
between the outer wall of said insulator and the 
inner wall of said first metallic cover. 

2. A gas sensor as set forth in claim 1, wherein said 
portion of the reference gas passage faces the first 
vent of said first metallic cover. 

3. A gas sensor as set forth in daim 1. wherein said 
insulator is made of a cylindrical member, and 
wherein said portion of the reference gas passage 
defined between the outer wall of said insulator and 
the inner wall of said first metallic cover Is deter- 
mined in sectional area as a function of a maximum 
and minimum dianrteter of said insulator, a ratio of 
the minimum diameter to the niaximum diameter 
being within a range of 0.8 to 0.95. 

4. A gas sensor as set forth in claim 1 , wherein the 
outer wall of said insulator is of a polygonal shape 
which has either of flat surfaces and recessed sur- 
faces each lying between adjacent two of vertexes 
so tiiat said portion of the reference gas passage 
includes clearances between eHher of the flat sur- 
feces and the recessed surfaces and the inner wall 
of said first metallic cover. 

5. A gas sensor as set forth in claim 4, wherein the 
outer wall of said insulator holder is of an octagonal 
shape. 

6. A gas sensor as set forth in daim 1 , wherein the 
outer wall of said insulator has curved surfaces and 
either of flat surfeces and recessed surfaces each 
lying between adjacent two of the curved surfaces, 
the curved surfaces being opposed to each other 
so that said portion of the reference gas passages 
includes clearances between either of the flat sur- 
faces and the recessed surfaces and the inner wall 
of said first metallic cover. 

7. A gas sensor as set forth in claim 1 , wherein the 
outer wall of said insulator is oval. 



8. A gas sensor as set forth in daim 1 , wherein said 
second metallic cover has an opening through 
which the signal pickup leads extend to the outside 
of said second metallic cover, and further induding 

5 a sealing member disposed in said second metallic 
cover to seal the opening, said sealing member 
lying akxive said insulator with a dearar^e therebe- 
tween communicating with said portion of the refer- 
ence gas passage between the outer wall of said 

70 insulator and the inner wall of said first metallic 
cover. 

9. A gas sensor as set forth in claim 8, furtiier indud- 
ing a spacer member disposed between said seal- 

75 ing member and said insulator to define the 
dearance communicating with said portion of the 
reference gas passage. 

10. A gas sensor as set forth In daim 8, wherein said 
20 sealing member has a flange which Is supported by 

ends of said first and second metallic covers. 

11. A gas sensor as set forth in daim 1, wherein said 
insulator has a vent which defines a second portion 

2s of the reference gas passage. 

12. A gas sertsor as set forth in daim 1, wherein said 
first metallic cover includes an outer cover member 
and an inner cover member. 

30 

13. A gas sensor as set fortii in claim 12, wherein the 
outer cover memt>er Is so crirrped to be joined to 
the inner cover member, and wherein the inner 
cover member has an end caulked to said housing. 

35 

14w A gas sensor measuring a given component con- 
tent in a gas conprlsing: 

a housing; 

40 a sensing unit having a given length, disposed 

in said housing, said sensing unit having 
defined in one erxi portion thereof a reference 
gas channk)er to be filled with a reference gas 
and also having installed in the one end portion 

45 a measuring electrode to be exposed to the 

gas to be measured and a reference electrode 
to be exposed to the reference gas in the refer- 
ence gas chamber, the measuring electrode 
and the reference electrode t>eing disposed 

50 adjacent each other through a solid electrolyte 

body and providing through signal pickup leads 
sensor signals which are used in determining 
the given component content in the gas; 
a first metallic cover having first arxi secorKf 

55 ends, said first metallic cover being installed at 

the first ervi on said housing to cover the other 
end portion of said sensing unit and defining an 
opening in th second end; 
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a second metallic cover installed on a periph- 
eral portion of said first metallic cover through a 
water-repellent filter, said second metallic 
cover being crirrped to be joined to said first 
metallic cover through the water-repellent filter; 5 
a first vent formed In said first metallic cover; 
a second vent formed in said second metallic 
cover wtvch comnrunicates with said first vent 
through the water-repellent filter to introduce 
the refererK^e gas into the reference gas cham- 10 
ber through a reference gas passage extending 
from said second vent to the reference gas 
chamber; 

an insulator nxHjnted within said first metallic 
cover, having formed therein holes through is 
which the signal pickup leads pass; and 
a sealing member sealing the opening defined 
in the second end of said first metallic cover, 
said sealing member having formed thereon a 
protrusion in contact with said insulator to 20 
define a gap between said sealing merTi>er and 
said insulator which occupies a portion of the 
reference gas passage. 

15. A gas sensor as set forth in claim 14, wherein said 25 
sealing memt>er is disposed within the second end 

of said first metallic cover. 

1 6. A gas sensor measuring a given component con- 
tent in a gas comprising: 30 

a housing; 

a sensing unit having a given length, disposed 
in said housing, said sensing unit having 
defined in one end portion thereof a reference 35 
gas chamber to be filled with a reference gas 
and also having installed in the one end portion 
a measuing electrode to be exposed to the 
gas to be measured and a reference electrode 
to be exposed to the reference gas in the refer- 40 
er)ce gas chamber, the measuring electrode 
and the reference electrode being disposed 
adjacent each other through a solid electrolyte 
body and providing through signal pickup leads 
sensor signals which are used In detemrnning 45 
the given component content in the gas; 
a first metallic cover having first and second 
ends, said first metallic cover being installed at 
the first end on said housing to cover the other 
end portion of said sensing unit; so 
a second metallic cover installed on a periph- 
ery of said first metallic cover through a water- 
repellerrt filter, said second metallic cover t>eing 
crimped to be joined to said first metallic cover 
through the water-repellent fitter; ss 
a first vent formed in said first metallic cover; 
a second vent formed in said second metallic 
cover which comrrunicates with said first vent 



through the water-repellent fDter t introduce . 
the reference gas into the reference gas cham- 
ber through a reference gas passage extending 
from said second vent to the reference gas 
chamber; 

an insulator mounted within said first metallic 
cover, having formed therein holes through 
which the signal picki^} leads pass; and 
a sealing merTt>er having a flange which is sup- 
ported by at least one of said first metallic cover 
and said second metallic cover to define a gap 
between said sealing member and said insula- 
tor which occupies a portion of the reference 
gas passage. 

17. A gas sensor as set forth in daim 16. wherein said 
sealing member has a first end and a second end 
opposite the first end, the flange being provided on 
the first end of said sealing member, the gap being 
defined between the secorxi end of said sealing 
member and said insulator. 
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